The purpose of this study is to evaluate the five candidate DNA barcodes of rbcL, matK, psbA-trnH, ITS and ITS2 in order to distinguish Taxillus chinensis from adulterants. Of the five barcodes, the amplification and sequencing efficiencies of rbcL and trnH-psbA were 100%. Meanwhile, the efficiency of matK, ITS and ITS2 regions was very low due to failure in PCR amplification or sequencing. The psbA-trnH exhibited high inter-specific divergence and distinguished T. chinensis from other parasitic loranthus. The rbcL gene demonstrated lower inter-specific divergence and identification efficiency. In conclusion, psbA-trnH is a suitable DNA barcode in authenticating T. chinensis and its related parasitic loranthus.
INTRODUCTION
The branches and leaves of Taxillus chinensis (DC.) Danser have long been used as traditional Chinese medicine for liver and kidney reinforcement, tendons and bones strengthening, relief for rheumatic conditions and abortion prevention (National Pharmacopoeia Committee, 2010) . It has also been used as an anti-obesity herbal medicine (Xie and Wong, 2000) because it exhibits potent inhibition on fatty acid synthase (Wang et al., 2006) . There are 51 species of parasitic loranthus in which 23 species are distributed in Guangxi Province . However, because sample collection is very difficult, some other parasitic loranthus are used as substitutes, such as Thuja, sutchuenensis, Scurrula parasitica, and Scurrula parasitica var. graciliflora .
DNA barcoding technique is a novel method for species identification. As a core barcode to identify land plants, a *Corresponding author. E-mail: scauyaoh@sina.com. Tel: 86-10-62899727. Fax: 86-10-62899776. combination of rbcL+matK has been proposed (CBOL Plant Working Group, 2009 ). The psbA-trnH and internal transcribed spacer (ITS) of nuclear ribosomal DNA have been proposed as supplementary barcode for further investigation (CBOL Plant Working Group, 2009) . Recently, internal transcribed spacer 2 (ITS2) has been used as a universal barcode for plant identification Yao et al., 2010) . Moreover, five proposed DNA barcodes (rbcL, matK, ITS and ITS2) has been used to identify medicinal plants Yao et al., 2009; Song et al., 2009; Luo et al., 2010; Pang et al., 2010; Gao et al., 2010; Sun et al., 2010; He et al., 2010) . In this study, the five proposed DNA barcodes were tested to distinguish T. chinensis from the adulterants.
MATERIALS AND METHODS
Plant materials were collected from different areas in Guangxi Province ( The sequences of the DNA regions were aligned using Clustal W (Thompson et al., 1994) . Genetic distances were computed by MEGA 4.0 using the Kimura 2-Parameter (K2P) model (Tamura et al., 2007) . The methods of BLAST1 and nearest distance were used to evaluate the species identification efficiency, as described J. Med. Plant. Res. previously (Ross et al., 2008; Chen et al., 2010) .
RESULTS AND DISCUSSION
Except for matK, the PCR amplification efficiency of the four other DNA barcodes was 100%. In terms of sequencing efficiency, those by psbA-trnH and rbcL were 100%; those for the ITS and ITS2 regions were not. Therefore, the matK, ITS2 and ITS regions were excluded in further analysis because of the lower success rate in PCR amplification or sequencing. All psbA-trnH and rbcL sequences generated by this study were submitted to GenBank with accession numbers HQ317757 to HQ317842 (Table 1 ). The sequence length of psbA-trnH ranged from 213 to 356 bp, with an average of 273 bp. The sequence length of rbcL was 703 bp. The GC contents of psbA-trnH and rbcL were 28.4 and 43.7%, respectively. The intra-and inter-specific variations in psbA-trnH and rbcL have been assessed by six parameters Yao et al., 2010) (Table 2 ). Average inter-specific distance, average theta prime and smallest inter-specific distance were used for inter-specific divergence assessment. Meanwhile, average intra-specific difference, theta and average coalescent depth were used to evaluate intra-specific variation. The inter-specific genetic distances of psbA-trnH and rbcL were greater than those of intra-specific variations. The inter-specific genetic distances of psbA-trnH were greater than those of rbcL.
The methods of BLAST1 and nearest distance (Ross et al., 2008; Chen et al., 2010) were used to evaluate the species identification capability of two DNA barcodes, psbA-trnH and rbcL (Table 3) . At the genus level, results showed that psbA-trnH and rbcL could identify all samples using BLAST1 and nearest distance, respectively. At the species level, in terms of success rate of identification efficiency, psbA-trnH could identify T. chinensis and other parasitic loranthus using BLAST1 and nearest distance, respectively. In contrast to psbAtrnH, the success rates of rbcL were much lower, with 81.4% at the species level using BLAST1 and nearest distance.
An ideal DNA barcode should possess universality and variation. The psbA-trnH is one of the most variable plastid regions and has been proposed as a barcode to identify plants (CBOL Plant Working Group, 2009; Chen et al., 2010; Kress et al., 2009) . In this study, psbA-trnH was amplified easily and it exhibited high inter-specific divergence in authenticating all of the samples. ITS2 was successful in identifying some medicinal plants Gao et al., 2010; Pang et al., 2010; Luo et al., 2010) , but sequencing efficiency continues to be a great challenge for parasitic loranthus and Lonierea (Sun et al., 2010) . The rbcL and matK have been proposed as barcodes for land plants identification. However, the sequence divergence of rbcL was relatively low in parasitic loranthus. Incidentally, because of the low success of PCR amplification, the matK gene was not analyzed in depth in the present work. In conclusion, our results suggest that psbA-trnH is a good DNA barcode to authenticate T. chinensis and its related parasitic loranthus.
